Background and Purpose The role of genetics in cerebrovascular disease remains controversial. The purpose of this study was to assess the influence of family history on atherothrombotic infarction or transient ischemic attack.
(P=.O19), and a positive family history for stroke was present in 38 (47%) of the patients and 21 (24%) of the control subjects (P=.O14).
Conclusions Although a positive vascular family history was not an independent risk factor in a multivariate analysis, it was an excellent marker of the presence of other established vascular risk factors. Personal histories of ischemic heart disease, hypertension, and hyperlipidemia were found to be significant independent risk factors for stroke. (Stroke. 1994^5:1599-1604.)
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Because both IHD and stroke are common conditions, a population-based age-and sex-matched control group was assembled for comparison.
Subjects and Methods
As part of an ongoing study on lipids and strokes, 90 consecutive male and female patients admitted to the neurological and neurosurgical units of University Hospital (London, Ontario, Canada) and diagnosed as having atherothrombotic cerebral, cerebellar, or brain stem infarction or TIA in the month preceding their admission (for investigation) were recruited into the study. University Hospital, a large teaching hospital, serves the local community of northern London and also serves as a tertiary referral center for southwestern Ontario.
The diagnosis of atherothrombotic stroke was based on history, physical examination, and laboratory investigations, which included computed tomography or magnetic resonance imaging scanning of the brain, echocardiography, and Holter monitoring of cardiac rhythm for all patients. Only patients aged 35 to 84 years were recruited because the absolute number of patients in the older age group would be small and control subjects in the older age group would be difficult to recruit.
Because patients recruited into the study were seen 3 months after the stroke or TIA, those with large strokes resulting in early death or severe disability and therefore not able to return for follow-up were automatically excluded. Other exclusion criteria included evidence of cardiac arrhythmia on entry in the study (because of the high probability that the stroke was secondary to cardiac embolism), stroke or TIA attributable to a nonatherosclerotic process of the arteries, hemorrhage, embolus of cardiac origin, tumor, circulatory collapse, and arterial dissection. Patients with diabetes mellitus, untreated hypothyroidism, liver cirrhosis, hepatitis, renal failure, or nephrotic syndrome were also excluded.
Age-and sex-matched control subjects (age-matched by 5-year intervals) were recruited by telephone and letter invitations (from a registry of the general population of London compiled by the University of Western Ontario and available for clinical research to the physician population of University Hospital). Approximately 65% of those contacted volunteered to enter the study. Inclusion and exclusion criteria similar to those used for the patients were applied to the control subjects. However, potential control subjects were excluded if a diagnosis of stroke or TIA had previously been made by a physician. Relatives of the stroke patients were ineligible to serve as control subjects.
All patients were reviewed at the time of hospital admission or clinic attendance and again 3 months after their stroke or TIA, at which time they underwent a second history review and physical examination. Control subjects were seen immediately after entry into the study.
A detailed family history was obtained from all patients and control subjects. The family history was taken from close relatives in patients whose stroke resulted in impaired cognition or impaired communication. As part of the family history review, everyone was asked whether they had a relative with a history of stroke or IHD. Whenever possible we attempted to determine from the respondent whether the stroke was due to a cerebral hemorrhage or an infarction. A history of TIA was determined to be too unreliable and not used in determining family history. A history of physician-diagnosed myocardial infarction or angina pectoris was considered indicative of IHD. A history of sudden death was not considered evidence of either IHD or stroke unless an autopsy had confirmed the diagnosis. Emphasis was placed on whether the affected relative was a first-degree relative (parent, sibling, or offspring) or a second-degree relative (grandparents, uncles, or aunts only).
The presence of vascular risk factors in the patients was based on their medical history before the stroke and a chart review. Patients were considered to be hypertensive if a physician had previously made such a diagnosis or if they had left ventricular hypertrophy on electrocardiography or echocardiography. The presence of IHD was based on either a previously diagnosed myocardial infarction or a medical history judged to be consistent with angina pectoris by a qualified cardiologist. Subjects with a history of dyslipidemia requiring either dietary or pharmacological intervention were grouped together in the "hyperlipidemia" category regardless of the specific type of lipid disorder. An active smoker was someone currently smoking or who had quit smoking within the previous 6 months.
Control subjects were seen within 7 days of recruitment and underwent the same history and physical examination as the patients. All control subjects provided their own medical and family histories.
As part of an ongoing study of the role of lipids and cerebrovascular disease, all patients and control subjects had blood taken for lipid levels after an overnight fast (results of that study to be reported separately).
Statistical Analysis
Before analysis, the comparability of the patients and control subjects regarding history of high blood pressure, cardiac disease, smoking, and history of hyperlipidemia was assessed. To take advantage of the matched case-control nature of the study, conditional logistic regression was used to generate estimates of risk. All risk factors were initially analyzed independently. A multivariate model was then constructed using a backward stepwise technique. All variables with univariate P<.25 were offered to the backward selection technique. Variables were removed from the model at multivariate P>.1Q. For the sake of parsimony, statistical interactions were not introduced into the model. As is the case in all case-control studies, a host of other variables, known and unknown, exist that cannot be controlled. We therefore assumed that they were distributed similarly in case and control subjects. Statistical analysis was performed on a UNIX-based computer using the statistical package SAS (version 6.07, SAS Institute Inc).
Results

Demographics
Ninety patients (61 men and 29 women) were recruited to participate in the study. Sixty patients were diagnosed with stroke and 27 with TIA. The mean ages of the patients and control subjects were 64.6 years (8.7, SD) and 64.5 years (8.45, SD), respectively. All patients were white.
Vascular Risk Factors
Histories of hypertension, IHD, hyperlipidemia, and smoking were present significantly more often in patients than in control subjects (Table 1) . A personal history of IHD was the most powerful risk factor (risk ratio [RR] of 10.33) in the univariate analysis, followed by current smoking, history of hyperlipidemia, hypertension, and history of smoking.
Histories of hypertension, IHD, and hyperlipidemia were significant independent risk factors when analyzed in a multivariate model. IHD remained the most highly significant risk factor (/>=.004, RR=8.16), followed by hypertension (P=.O33, RR=3.02) and hyperlipidemia (P=.O69, RR=3.06). Smoking was not an independent risk factor in the multivariate analysis. Age-matched pairs were used in this study because age is a significant risk factor for stroke; however, to ensure that there were no residual confounding effects by age, all the regressions used included age. This did not affect the results.
Family History
Famiry histories of stroke and IHD in both groups were also analyzed. Eighty-five patients and 86 control subjects knew their family histories for stroke and IHD. Although it was common for both groups to have first-degree relatives (parents, siblings, or children) with IHD or stroke, there was a significant difference between the groups ( Table 2 ). The two groups did not differ significantly with respect to the number of seconddegree relatives having vascular disease. Eighty-one percent (69/85) of the patients had either a family history of stroke or IHD (ie, a positive vascular family history) compared with 60% (52/86) of the control subjects (P=.003). A positive vascular family history among the patients was very common, exceeding hypertension (56/90 [62%]), the next most significant risk factor, by 19% (P=.OO6). Family history of vascular disease, however, was not an independent risk factor in the multivariate analysis.
Hypertension, IHD, and dyslipidemia are risk factors with significant familial components. It has previously been shown that these factors tend to aggregate within families of patients with cerebrovascular disease, 12 -1618 perhaps accounting for the role of family history in stroke. We found that individuals with cerebrovascular disease were more likely to have one or more risk factors compared with control subjects. There were only 17 patients (19% of total) free of risk factors (hypertension, IHD, hyperlipidemia) compared with 32 control subjects (36% of total) (P=.O13).
Family history seemed to correlate with the presence or absence of risk factors. Among those patients who knew their vascular family histories (n=85), 58 of 69 (84%) with a positive vascular family history had one or more risk factors, whereas 10 of 16 (63%) with a negative family history had multiple risk factors (/ ) =.O5) ( Table 3) . A positive vascular family history therefore had a positive predictive value of 0.84, while the negative predictive value of a negative family history was only 0.38.
A family history of cerebrovascular disease or IHD was associated with the presence of a history of hyperlipidemia (Table 4) .
Although it has been suggested that maternal family history of stroke is significant, 9 we could not demonstrate any significant difference in the effect of having a paternal over a maternal family history of stroke. Among the subjects 14 patients had paternally affected relatives and 17 had maternally affected relatives (5 unknown, 8 siblings) . In the control group the corresponding numbers were 12 and 7 (1 unknown, 3 siblings).
Discussion
Although previous studies have failed to show a genetic contribution to stroke, 2 -48 ' 15 we found that a positive family history of stroke and IHD was significantly more common in patients with stroke than in the general population. It has been shown that family information bias may exist in case-control studies. 19 Patients with a specific illness are more likely to recall whether they had a relative with such a problem compared with healthy control subjects or nonaffected siblings. 19 Most of the family history data in this study came directly from the patients and the control subjects. A more comprehensive family history may have been obtained had several members of the family been interviewed, but we were not able to do this.
Another source of potential bias in this study was the fact that only patients who survived until 3 months after the index event (stroke or TIA) were entered into the study. It is possible that factors that increased the risk for a bad outcome from the stroke (large strokes or other concurrent disease) would be missed in such a study. If family history were such a factor, our study design would miss this, and this must be taken into 40 causing some to suggest that this aggregation may reflect conjoined environmental and genetic effects. Gertler et al 40 have shown that even healthy volunteers with a family history of IHD had higher cholesterol and glucose levels than a comparable group without such a family history. These risk factors have genetic components in excess of common environmental factors. 21 Despite the apparent inheritance of common vascular risk factors in patients with IHD, a positive family history of such disease, especially in a first-degree relative, has been shown to be a significant independent risk factor for IHD. 4142 Similar issues have been raised with respect to the genetic influence of vascular family history on cerebrovascular disease. Several studies have shown that, as in IHD, multiple vascular risk factors may accumulate within families of patients with cerebrovascular disease, 12 -1618 raising the possibility that this accounts for the familial nature of cerebrovascular disease. Although we did not find a positive vascular family history to be an independent risk factor for stroke, other studies have found family history of stroke to be a significant and independent risk factor, particularly with a maternal history of stroke. 5 -9 Recent studies in twins with strokes have also shown a significant genetic effect, as the concordance rate for stroke was higher for monozygotic twins (17.7%) than for dizygotic twins (3.6%).
14 The number of subjects in our study was relatively small, and therefore it is possible that we missed a true positive effect of family history as a result of a ^-type error. However, we did find, as have others, that a positive vascular family history was a good marker for the presence of other risk factors (positive predictive value of 0.84).
We also found that subjects with cerebrovascular disease were more likely to have multiple risk factors compared with control subjects. This is significant because it is known that the risk of stroke increases with the number of risk factors present. 19 In our study hypertension, IHD, smoking, hyperlipidemia, and a positive vascular family history were all more prevalent in the stroke and TTA group. However, only IHD, hypertension, and hyperlipidemia were significant independent risk factors in the multivariate model. Hypertension 4353 has been the most studied risk factor for stroke and indisputably shown to be a significant and modifiable risk factor. IHD likewise is an established risk factor for stroke. 54 - 55 Smoking, on the other hand, has been controversial as a stroke risk factor. 23 It has been shown by some to be a significant risk factor for stroke 56 " 58 that is reduced by cessation of smoking.
-59
We did not find smoking to be an independent risk factor in our multivariate analysis, however. The role of hyperlipidemia as a risk factor for stroke has been controversial. Earlier studies have not shown a positive correlation between elevated serum lipids and stroke. 60 These studies were often inconclusive as a result of poor definition of study groups, small numbers, and other methodological weaknesses. More recent studies have shown an association between dyslipidemic states and cerebrovascular disease. 61 - 62 We found that a history of previously diagnosed dyslipidemia was significantly more prevalent among the stroke population than the control subjects and was an independent risk factor in the multivariate analysis. A detailed report of the lipid profiles of the patients and control subjects is being prepared. A family history of vascular disease in a first-degree relative (IHD or cerebrovascular disease) served as a good marker for the presence of hyperlipidemia in that it was significantly more prevalent among those with hyperlipidemia than those without a history of hyperlipidemia (Table 4) .
Recent approaches to the study of the molecular genetics of atherosclerotic vascular disease have used the candidate gene approach. For the most part they have focused on studying genes involved in lipoprotein metabolism. Polymorphisms of these genes distributed throughout populations may be associated with variable risks of developing disease and may therefore be used to study familial influences on disease. This approach has already been applied to EHD 6365 and in a limited sense to cerebrovascular disease. 62 Ideally the knowledge of the high-risk genetic profile could be used to screen high-risk individuals, particularly in childhood, so that intervention could be started earlier. In cardiovascular disease early preventive measures have already been shown to be possible in high-risk groups as early as childhood. 66 - 67 Further studies of the genetics of cerebrovascular disease will undoubtedly contribute to our understanding and ultimate prevention of this disease and should therefore be regarded as significant as the early epidemiological stroke studies to our current understanding of stroke.
